Riyadh region is one of the hardest habitats in Saudi Arabia with a hyper-arid climate. This study was conducted to investigate floristic composition and plant life forms of Riyadh region and their ecological significance. Work aimed to determine the prevailing plant families and biological spectrum of their components that reflects the phytoclimate and adaptation to hyper-arid conditions of the region. Work involved field surveys of different locations in Riyadh region where plant specimens were collected and identified. Collected plant species were then listed according to their families and data were used to assess the contribution of different plant families to the flora of the region. Study of life forms was conducted to classify recorded floristic elements into categories that reflect environmental conditions prevailing in the region. Prevailing plant families were Asteraceae (17.4%), Poaceae (11%), Brassicaceae (9.9%), and Fabaceae (7%). These percentages reflect wide ecological ranges especially for Asteraceae and Poaceae. High presence of species belonging to Astreaceae and Poaceae can be attributed to their adaptation to harsh conditions as well as to effective wind dispersal strategies of their diaspores. While the most frequent life form classes were therophytes with 52%, and chamaephytes with 30%, phanerophytes and hemicryptophytes represented 9% and 8%, respectively. Predominance of therophytes and chamaephytes over other life forms is a response to hyper arid climate with insufficient rainfall and the nature of region of few available microhabitats that can support high percentage of perennials. Ó 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Saudi Arabia is a country with vast area occupying about 80% of the area of Arabian Peninsula. However, most of this area is barren deserts except southwestern highlands with ample rainfall and mild climate that supports plant life (Masrahi, 2012) .
Riyadh region represents the central part of Saudi Arabia (Central Region) occupying the eastern part of Najd Plateau (as a part of platform, Fig. 1 ), covering an area of about 38,0000 km 2 . It is located between latitudes 19°29 0 and 27°28 0 N and longitudes 41°48 0 and 48°14 0 E (Fig. 1 ). Geomorphological features of Riyadh region include rocky formations of Tuwaiq Mountains with alti-tudes of 1062 m, scattered areas of sand dunes between escarpments of the plateau and in northern and southern parts of the region (Edgell, 2006) . Most of the rocky formations are sedimentary belonging largely to limestone and sandstone (Al-Refeai and Al-Ghamdy, 1994) . Climate is characterized by high summer temperatures of 33-37°C, moderate winter temperatures of 14-17°C, and humidity of 17% and 47% for summer and winter, respectively. Total annual precipitation is 90-137 mm (Sagga, 1998) falling basically in winter (December-February) . Rainfall in the region is generally considered a rare event (Kumar et al., 2015) . Of these characters of climate, Riyadh region represent a hyper arid area (Kumar et al.,2015) .
Vegetation is the major component determining nature of ecosystems (Orshan, 1986) . Low vegetation cover represents one of the main indications of climatically arid lands (Brovkin, 2002) . The form and structure of vegetation units can be recognized by classifying the floristic elements implicated in groups reflecting environmental conditions (Saxena et al., 1982) . Since plant life form is the growth form that represents adaptation to specific ecological conditions (Mera et al., 1999) , this trait reflects the climatic adaptability and then the whole vegetation in particular area would be an expression of the prevailing climate (Batalha and Martins, 2002) . The most widely used classification system for life forms is that proposed by Raunkiaer (1934) . This classification divided the plant life forms depending on situation and degree of protection of the buds or other renewing organs (seeds, tubers, rhizomes) in relation to protection from unfavorable seasons. According to this classification plant life forms can be classified into five main groups, namely; phanerophytes, chamaephytes, hemicryptophytes, cryptophytes (geophytes), and therophytes. The percentage of each life form put together in the flora of specific vegetation is called biological spectrum (Raunkiaer, 1934) and constructs a ''normal spectrum" which represent a null type versus which life form spectra could be compared. Normal spectrum regards the distribution of all plant life forms together in the global scale. Raunkiaer (1934) stated that the essential patterns of climates are characterized by the fact that one or few life-forms are, relatively or absolutely, dominant. Any deviation in biological spectrum of particular area from the normal spectrum determines the phytoclimate of the area. Therefore, the main aim of the present work is to investigate the floristic composition and plant life forms of Riyadh region to determine the prevailing plant families and biological spectrum which reflect together the phytoclimate and adaptation to hyper arid conditions of the region.
Materials and methods
Three field surveys were carried out in the Riyadh region during the period of 2017-2018 to collect plant specimens for floristic composition studies. Voucher specimens of each species are kept at the Princess Noura University Herbarium (PNUH). Other specimens of old collections from the region that are kept in PNUH were compiled and taken into account. The plant specimens were identified according to relevant flora literature (Collenette, 1999; Chaudhary,1999 Chaudhary, -2001 . Life form categories were identified according to Raunkiaer classification (Raunkiaer, 1934) .
Results
A total of 172 plant species belonging to 130 genera and 37 families were reported in the present study (Table 1) . Among reported families the species recorded included 30 species from Asteraceae and 19 species from Poaceae representing 17.4% and 11% of total number of recorded species, respectively. In addition, 17 species from Brassicaceae and 12 species from Fabaceae were also recorded, representing 9.9% and 7% of total number of recorded species, respectively. Each of the other 33 families reported were represented by less than 9 species constituting less than 6% of total number of recorded species (Table. 1, Fig. 2) .
The most frequent life form classes observed were therophytes and chamaephytes with 52% and 30%, respectively. Phanerophytes and hemicryptophytes were represented by 9% and 8%, respectively. The least frequent life form was geophytes with only 1% (Fig. 3 ). Frequency of presence of different life forms compared using Raunkiaer's normal spectrum indicated that the study site showed high proportions of therophytes, followed by chamaephytes, while phanerophytes, hemicryptophytes, and geophytes were less than Raunkiaer's normal spectrum (Fig. 3 ).
Discussion
Despite its vast area, Riyadh region has low floristic richness compared to other regions of Saudi Arabia (Chaudhary and Al-Jowaid, 1999) . Asteraceae, Poaceae, Brassicaceae and Fabaceae represent the largest families. Asteraceae and Poaceae not only represent the largest families in Riyadh region and the whole Arabian Peninsula, but they are also among the largest and most widespread families of flowering plants in the world (Jeffrey, 1978; Clayton, 1978) . These two families are particularly well repre- Aizoon canariense L. Anagallis arvensis L. + À À À À sented in arid and semi-arid regions (Jeffrey, 1978; Clayton, 1978,) Wide ecological range of Asteraceae and Poaceae can be attributed to their adaptation to harsh conditions as well as effective wind dispersal strategies of their diaspores (van Rheede van Oudtshoorn and van Rooyen, 1999) (see Fig. 4 ).
Poaceae species have adaptations that allows them to endure and even benefit from grazing stress and drought. This adaptation pertains to an ample network of shallow highly ramified roots allowing them to efficiently absorb moisture from the soil (Stanley, 1999) . Moreover, many Brassicaceae species have fruits with pericarp characters that mechanically inhibits germination of fresh seeds and enhance germination of non-dormant seeds (Zhou et al., 2015) . This attribute seems to be vantage against the risk linked with germination in a temporally unforeseeable environment. Additionally, most species of Brassicaceae are Therophytes (Khan and Shah, 2013) . Furthermore, Raunkiaer (1934) stated that the essential patterns of climates are characterized by the fact that one or few life-forms are, relatively or absolutely, dominant. This can be expressed numerically as the phytoclimate can be characterized by statistical survey of the life-forms (Raunkiaer, 1934) . The life form composition of the community is the aspect of adaptations of its constituent species to climatic condition (Jamir and Pandey, 2003) . Therefore, the climates and the major associated soil types can be reflected by life forms (Cain, 1950) . When compared with Raunkiaer's normal spectrum, therophytes in Riyadh region are four times higher than that of the normal spectrum (Fig. 3) . High percentage of therophytes in any specific region indicated that this region have arid climate and disturbed habitats (Cain, 1950; Ricklefs, 1979; Smith, 1980) . On the other hand, chamaephytes indicate a temperate phytoclimate (Meher-Homji, 1964 ). Therefore, the observed dominance of therophytes followed by chamaephytes over other life forms in Riyadh region appears to be a response to the arid climate with insufficient rainfall and few microhabitats available to support high percentage of perennials. It also reflects anthropogenic and livestock impacts on the region. Moreover, phanerophytes are less than that of normal spectrum by about five times (Fig. 3 ). Since phanerophytes pertain to warm humid regions such as tropical zones (Raunkiaer, 1934) arid conditions prevailing in Riyadh region were unfavorable for such life form. High percentage of therophytes and low percentage of phanerophytes are, collectively, indicative arid climate and disturbed habitats. Compared to other reported life forms hemicryptophytes and geophytes show lower percentage than the normal spectrum, indicating the effects of biotic factors on the vegetation (Rana et al., 2002) .
Conclusion
According to its climatic characteristics and geomorphological features, Riyadh region represents a hyper-arid habitat of low floristic diversity. Only few plant families can thrive in such harsh hyper-arid conditions, of which Asteraceae and Poaceae are most prevailing families reflecting their high adaptability to such harsh conditions and effective dispersal of their diaspores. It can also be concluded that high percentage of therophytes followed by chamaephytes over other life forms pertains to the hyper-arid phytoclimate with few available microhabitats to support high percentage of perennials.
